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Description
BACKGROUND OF THE INVENTION

1. Field of the invention

[0001] The presentinvention relates to spark plugs for
use in internal combustion engines. More particularly,
the present invention relates to wear-resistant electrode
tips for spark plugs, and to spark plugs containing such
wear-resistant tips.

2. Description of the Background Art

[0002] Spark plugs are widely used to ignite fuel in
internal combustion engines. Spark plug electrodes are
subject to intense heat and to a highly corrosive envi-
ronment generated by the exploding air/fuel mixture. To
improve durability and erosion resistance, spark plug
electrode tips must be able to withstand the high tem-
perature and corrosive environment resulting from the
chemical reaction products between air, fuel, and fuel
additives within a combustion chamber.

[0003] SAEJ312 describes the specification for auto-
motive gasoline used as a fuel in the United States. The
gasoline consists of blends of hydrocarbons derived
from petroleum: 50-80 percent saturates, 0-15 percent
olefins, and 15-40 percent aromatics. Leaded gasoline
contains about 0.026 g Pb/liter (0.10 grams of lead per
gallon of fuel), and 0.15 percent sulfur. In unleaded
gasoline there is about 0.013 g Pb/I (0.05 grams of lead
per gallon), 0.1 percent sulfur, and 0.0013 g P/liter
(0.005 g phosphorous per gallon).

[0004] In addition, there are a number of additives in-
corporated into gasoline for various reasons. For exam-
ple, tetramethyllead (TML) and tetraethyllead (TEL) are
added as antiknock agents. Carboxylic acid compounds
such as acetic acid are added as lead extenders. Aro-
matic amines and phenols are added as antioxidants.
Organic bromine and/or chlorine compounds are added
as scavengers and deposit modifiers. Phosphors and
boron-containing compounds are added to reduce sur-
face ignition, preignition, and as engine scavengers.
Metal deactivators are added to reduce oxidative dete-
rioration of fuel by metals, such as Cu, Co, V, Mn, Fe,
Cr and Pb. In addition, carboxylic acids, alcohols,
amines, sulfonates, and phosphoric acid salts of amines
are used as rust-inhibiting additives.

[0005] The manufacture of copper (Cu) and nickel (Ni)
electrodes for spark plugs is a proven art and has been
acccomplished in various ways. For instance, U.S. pat-
ent 3,803,892 describes a method of producing extrud-
ed copper and nickel electrodes from a flat plate of the
two materials. U.S. patent 3,548,472 discloses a meth-
od of cold-forming an outer nickel cup-shaped sleeve in
several steps, inserting a piece of copper wire into the
cup, and then lightly pressing the two materials together.
U.S. patent 3.857,145 discloses a process for making a
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spark plug center electrode in which a central copper
core is inserted into a nickel member and attached
thereto by a collar portion, to assure that an electrical
flow path is produced.

[0006] US-A-3548239 which is considered to repre-
sent the closest prior art, discloses a spark plug having
a configuration designed to improve the fixing to an elec-
trode of an electrode tip formed from iridium, platinum,
tungsten, molybdenum, ruthenium, rhodium, or an alloy
thereof. The spark plug comprises an insulator having
a central electrode mounted therein, and employs a cap
made from corrosive resistant material to attach the
spark plug tip to the body of the electrode.

[0007] Platimum-4% tungsten (thoriated) alloy was
originally developed for spark plug electrodes in aircraft
engines by INCO in 1939-1940 to replace platinum-irid-
ium alloys as there was a world shortage of iridium.
[0008] The use of certain types of welded-on spark
plug electrode tips, which are more wear-resistant than
the body of the electrode, is also known. Some of these
known welded on spark plug electrode tips are dis-
closed, for example, in U.S. patent numbers 4,810,220,
4,840,594, and 5,456,624.

[0009] Although the use of wear-resistant spark plug
electrode tips is known, a need still exists in the art for
a spark plug electrode tip made of an improved compo-
sition having superior wear-resistant properties.

SUMMARY OF THE INVENTION

[0010] The present invention provides an improved
wear-resistant electrode tip for a spark plug according
to claim 1, and a spark plug which incorporates the
wear-resistant tip according to claim 9 and a method of
making said spark plug, according to claim 10. The im-
proved wear-resistant tip according to the present in-
vention comprises an alloy of platinum, iridium, and
tungsten. Surprisingly, by addition of a small amount of
tungsten (eg. 0.5%-5%) to platinum-iridium alloy, the
performance of a resultant spark plug having an elec-
trode tip made of this ternary alloy in internal combustion
engines, burning either leaded or unleaded fuel, is
greatly improved over the previously known spark plugs.
The alloys disclosed in the present specification have
excellent workability and weldability, and may be used
in current manufacturing processes.

[0011] The spark plug electrode tip according to the
invention comprises either a sphere or a rivet-shaped
portion.

[0012] During manufacture, the spark plug electrode
tip is annealed in an annealing furnace at a temperature
within a range of between 900-1400°C. The annealing
furnace is preferably either charged with an inert gas
such as argon or nitrogen, or is subjected to a vacuum.
The spark plug electrode tip is maintained in the furnace
for a time period within the range of 5 to 15 minutes.
This produces an electrode tip having a fine grain micro-
structure.
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[0013] The electrode tip hereof is, optionally, further
externally coated with platinum or a compatible bonding
metal alloy having a thickness from 8 microns to 15 mi-
crons, most preferably 10-12 microns, before attach-
ment to the electrode. This coating may be applied by
electroless plating. In the most preferred embodiment
hereof, the coating is applied in three steps, each of
which is alternated with an annealing step.

[0014] Subsequent to annealing and, where used, to
external coating, the spark plug electrode tip is allowed
to cool down to, or nearly to room temperature and is
then placed in a welding fixture. The tip is then aligned
with a spark plug electrode and is resistance welded
thereto. Similar procedures are preferably performed on
both the center and side electrodes of the spark plug.
[0015] The annealed spark plug electrode tips using
the novel alloys according to the invention have a high
resistance to attack by lead and other corrosive ele-
ments typically present in the combustion chambers of
internal combustion engines.

[0016] A spark plug incorporating the electrode tip
hereof has a long life [up to 278.000 km (150,000 miles)
or more]. The spark plug gap established between the
two electrodes of the spark plug is maintained substan-
tially constant during the life of the spark plug, since the
wear-resistant tip portions at each of the electrodes, be-
tween which the spark travels, are substantially unaf-
fected by the gases produced in the combustion cham-
bers of internal combustion engines.

[0017] Accordingly, itis an object of the presentinven-
tion to provide an improved spark plug electrode tip hav-
ing enhanced wear-resistance as compared with previ-
ously known electrode tips.

[0018] Itis a further object of the present invention to
provide a wear-resistant spark plug incorporating the
electrode tip hereof

[0019] Itis yeta further object of the present invention
to provide a wear-resistant spark plug which is usable
for an extended period, up to and in excess of 180.000
km (100,000 miles) in a vehicle.

[0020] Itis astill further object of the present invention
to provide a method of making a wear-resistant spark
plug.

[0021] For a more complete understanding of the

present invention, the reader is referred to the following
detailed description section, which should be read in
conjunction with the accompanying drawings. Through-
out the present specification and in the claims, all refer-
ences to percentages are intended to mean percent by
weight unless otherwise specified. Throughout the fol-
lowing detailed description and in the drawings, like
numbers refer to like parts.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Figure 1 is a side elevational view of a spark plug
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in accordance with the present invention, incorpo-
rating an annealed tip protion at each of the center
and side electrodes thereof;

Figure 2 is a side elevational view of a platinum alloy
sphere before same is welded to an electrode of the
spark plug;

Figure 3 is a side elevational view of a platinum alloy
rivet, in accordance with a preferred embodiment of
the present invention, before same is welded to an
electrode of the spark plug;

Figure 4 is a flow chart of the steps used to apply a
coating to, to heat treat, and to secure the tip portion
to an electrode of a spark plug;

Figure 5 is a simplified drawing of a welding tool be-
ing used to resistance weld the tip portion to the
center electrode of the spark plug, where the tip por-
tion comprises a rivet and the spark plug electrode
is shown in cross section;

Figure 6 is a simplified side view, partially in cross
section, of a welding tool being used to resistance
weld the tip portion to the side electrode of the spark
plug, where the tip portion comprises a sphere; and
Figure 7 is a comparative graph of the change in
length of sample spark plug electrodes, made of dif-
ferent alloys, in a test engine over a period of 300
hours of standardized dynamometer testing.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0023] Referring now to Figure 1, a spark plug 10 is
shown including an annular metal housing 12 having
threads 14 formed thereon, a center electrode 16 having
an added tip portion 18, an insulator 20 and a side or
ground electrode 22. The center electrode 16 is dis-
posed within the insulator 20, which is in turn disposed
within the metal housing 12. As is well known, it is de-
sirable to maintain the distance between the tip portion
18 and the side electrode 22, hereinafter referred to as
the gap 24, constant over the life of the spark plug 10.
[0024] The tip portion 18 has heretofore been manu-
factured from platinum (Pt), which has been found to
provide good resistance to erosion, over time, in the
presence of combustion products in a combustion
chamber of an internal combustion engine. Neverthe-
less, the platinum tip portion 18, which is shown in Fig-
ure 1 in the shape of a sphere, is still susceptible to at-
tack by lead, which is present in some fuels still being
used with internal combustion engines. The erosion and
deterioration of the tip portion 18 can cause the gap 24
to gradually widen, thus weakening the spark that the
spark plug 10 produces.

[0025] It has been found that iridium (Ir), in combina-
tion with platinum in an alloy, increases the wear-resist-
ant properties thereof.

[0026] Surprisingly, it has been found that by adding
a small amount of tungsten (0.5%-5%) to a platinum-
iridium alloy, the performance of a resultant spark plug
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having an electrode tip made of this ternary alloy, in in-
ternal combustion engines burning either leaded or un-
leaded fuel, is greatly improved over the previously
known spark plugs. Wear-resistance of this ternary al-
loy, in particular, is significantly improved.

[0027] In the preferred embodiments of the present
invention, the tip portion may be comprised of any of the
following alloys:

(a) from 75 percent to 86 percent platinum, from 12
percent to 20 percent iridium, and from 1/2 percent
to 5 percent tungsten; or

(b) from 76 percent to 85 percent platinum, from 14
percent to 20 percent iridium, and from 1/2 percent
to 4 percent tungsten; or

(c) from 80 percent to 84 percent platinum, from 16
percent to 20 percent iridium, and from 1/2 percent
to 2 percent tungsten; or

(d) about 81 percent Pt, about 18 percent Ir, and
about 1 percent W; or

(e) about 81 percent Pt, about 15 percent Ir, and
about 4 percent W.

[0028] It will also be appreciated that the amount of
iridium, platinum and tungsten can vary significantly,
and that the percentages expressed herein could be
varied if desired.

[0029] Referring now to Figures 2 and 3, there are
shown two embodiments of the electrode tip 18 accord-
ing to the invention. Figure 2 illustrates the electrode tip
in the form of a sphere 18a having an outer coating 26
of a bonding metal, which is preferably platinum. The
diameter of the sphere 18a may vary significantly, but is
preferably within the range of 381 micrometers to 1.14
mm (.015-.045 inch), and more preferably about 760 mi-
crometers (0.030 inch).

[0030] Figure 3illustrates the electrode tip member in
the form of a rivet 18b. The rivet 18b includes a head 28
having a continuous, semi-spherical outer surface 30
and a flat portion 32. A generally cylindrical shank 33
extends from the flat portion 32 and has a generally flat-
tened base 34.

[0031] Referring now to Figure 4, a flow chart 38 illus-
trates the steps performed in heat-treating and welding
the tip member 18 to the electrode 16. Initially, a plati-
num-iridium-tungsten tip member 18 is obtained, as in-
dicated at step 40. The tip member can be in the form
of a sphere or rivet. The tip member 18 may be cold-
formed from premanufactured wire which is commer-
cially available from companies such as, for example,
Engelhard Corporation of Iselin, N.J., Johnson Matthey
of London, England, and Sigmund Cohn Corporation of
Mount Vernon, N.Y.

[0032] Once the spheres or rivets have been formed,
it is preferred, but not required in the practice of the
present invention, that they be coated with a layer of a
bonding metal which is preferably platinum. The coating
may be pure platinum, or an alloy of platinum which is
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different from the alloy making up the tip member 18.
The material chosen for the bonding layer is selected
for its physical properties, and particularly for its coeffi-
cient of expansion.

[0033] The coating applied to each tip member helps
to resist welding cracks which might otherwise occur be-
tween the electrode and the tip member due to differing
coefficients of thermal expansion between the nickel-
based electrode and the platinum-iridium-tungsten tip
members.

[0034] The coating, where used, is applied in a thick-
ness of about 5-15 micrometers, and most preferably,
about 10 micrometers. The bonding metal coating,
where used, may be applied by electroless plating, a
technique in which the object to be coated is soaked in
a chemical solution containing metallic salts, in the pres-
ence of a chemical reducing agent, and without using
any electrical current. Further detail on the electroless
plating process may be found in the disclosure of parent
application EP-A-1095 434.

[0035] In a particularly preferred method of making
the tip members 18 in accordance with the present in-
vention, they are first cleaned as shown in step 41,
which may be accomplished by contacting the tip mem-
bers 18 with an organic solvent such as acetone. Then,
the tip members 18 may have a first coating applied as
instep42,in athicknessin arange of 1-4 microns. Then,
in this preferred method, a first low temperature anneal-
ing is done in an annealing oven in a vacuum or in the
presence of a substantially inert gas such as argon or
nitrogen, at a temperature of 400-700 °C, for a period
of 5 to 30 minutes. This first annealing is shown at step
43 in Figure 4.

[0036] A second coating of bonding material is then
placed on the tip member 18, in a thickness ranging from
2-6 microns, preferably about 4 microns. The second
coating is step 44. This second coating is followed by a
second low temperature annealing in an annealing oven
in a vacuum or in the presence of a substantially inert
gas such as argon or nitrogen, at a temperature of
400-700 °C, for a period of 5 to 30 minutes. The second
annealing is shown as step 45 in Figure 4.

[0037] After the second annealing, a third coat of
bonding material is placed on the tip member 18 in a
thickness ranging from 2-8 microns, preferably 4-6 mi-
crons. The third coating is shown as step 46 in Figure
4. This third coating is followed by a final annealing at a
higher temperature. The third annealing is shown as
step 47 in Figure 4.

[0038] Optionally, the coat of bonding material may be
applied in a single step and only a single annealing step
may be performed, under the conditions described here-
in for the final annealing.

[0039] In the final annealing, the tip members 18 are
annealed at temperatures ranging from 900 °C to 1400
°C in vacuum or in an inert protective atmosphere such
as argon and nitrogen for 5 to 15 minutes, as indicated
at step 47, to obtain a fine grain microstructure of about
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40 micrometers. After annealing is completed, the an-
nealed tip member 18 is removed from the annealing
furnace and allowed to cool to room temperature. The
annealed tip member 18 exhibits substantially greater
resistance to corrosion and erosion as compared with a
tip member that has not been annealed.

[0040] Referring now to Figures 4 and 5, where the
rivet type of tip member is used, the tip portion 18b is
now placed in a welding fixture, as indicated at step 48.
In Figure 5, the welding fixture 54 has a recess 56 there-
in, which is shaped to hold either a spherical or a rivet-
shaped tip member 18 on a flat upper surface area 58.
The center electrode 16 may be seen to include an outer
portion 16a made of nickel and a copper core 16b. A
lower flat surface 16c¢ is positioned to face the hemi-
spherical surface of the rivet-shaped tip member 18b
[0041] Atstep 49inFigure 4, the spark plug electrode
16 is aligned with the tip member 18b. A welding elec-
trode 60 is then aligned over the spark plug center elec-
trode 16. The tip member 18b is then resistance welded
to the spark plug electrode as indicated at step 50.
[0042] Figure 6 illustrates a welding fixture 54a suita-
ble for holding the spherical tip member 18a. Figure 6
illustrates steps 46-50 for the spherical tip member 18a
being attached to the ground or side electrode 22 of the
spark plug body 12.

[0043] The gap growth of a fine grain 80% Pt-20% Ir
tipped spark plug after 300 hours of the standard Spark
Plug Electrode Accelerated Durability dynamometer
test is about three times that of a fine grain 81% Pt-18%
Ir-1%W tipped spark plug. The gap growth of a 92% Pt-
8% W is also about three times the gap growth of an
81% Pt-18% Ir-1%W tipped spark plug, as evidenced
by the graph of Figure 7. This graph compares the
change in length of an electrode after 300 test hours of
the dynamometer test on a Ford 2.3 liter dual plug en-
gine burning unleaded fuel. Clearly, the least change in
the comparison of Figure 7 occurred with the Pt-Ir-W al-
loy, which only decreased by roughly 0.00075 in. over
the 300 hour test. This shows that the spark plug elec-
trode tip according to the invention is surprisingly supe-
rior to other spark plug electrode tips.

[0044] The method of manufacturing described here-
in enables platinum alloy tip members 18 to be made
which are significantly more resistant to erosion than
previously developed tip portions. The annealing per-
formed on the tip portions at the preferred temperature
range(s) and preferred time period(s) described herein
significantly refines the grain structure, which minimizes
the grain boundary erosion and corrosion, and signifi-
cantly increases its resistance to spark erosion in the
presence of lead and other corrosive elements. As a re-
sult, the gap is substantially maintained over the life of
the spark plug, which may last 180.000 km to 278.000
km (100,000 to 150,000 miles) in a vehicle, making it
possible to use a single set of spark plugs over the useful
life of the vehicle in some instances.

[0045] The tip portion, wear-resistant spark plug, and
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method of making same as described herein also does
not add appreciably to the cost of making the spark plug,
nor does it necessitate the use of materials that are not
already widely commercially available. Accordingly, the
spark plug 10 of the present invention can still be man-
ufactured economically and without significant added
expense.

[0046] Although the present invention has been de-
scribed herein with respect to a preferred embodiment
thereof, the foregoing description is intended to be illus-
trative, and not restrictive. Those skilled in the art will
realize that many modifications of the preferred embod-
iment could be made which would be operable. All such
modifications which are within the scope of the claims
are intended to be within the scope of the presentinven-
tion.

Claims

1. A wear-resistant spark plug electrode tip (18) for at-
taching to a spark plug electrode (16), comprising
an alloy of platinum, iridium, and tungsten.

2. The spark plug electrode tip of claim 1, comprising
from 75 percent to 86 percent platinum, from 12 per-
cent to 20 percent iridium, and from 1/2 percent to
5 percent tungsten.

3. The spark plug electrode tip of claim 1, comprising
from 76 percent to 85 percent platinum, from 14 per-
cent to 20 percent iridium, and from 1/2 percent to
four percent tungsten.

4. The spark plug electrode tip of claim 1, comprising
from 80 percent to 84 percent platinum, from 16 per-
cent to 20 percent iridium, and from 1/2 percent to
two percent tungsten.

5. The spark plug electrode tip of any of claims 1-4,
wherein the spark plug electrode tip is substantially
spherical.

6. The spark plug electrode tip of any of claims 1-4,
wherein the spark plug electrode tip is rivet-shaped.

7. The spark plug electrode tip of any of claims 1-6,
further having a bond coating thereon comprising
platinum.

8. The spark plug electrode tip of claim 7, wherein the
bond coating is in arange of 5 microns to 15 microns
in thickness.

9. Asparkplug (10) having a center electrode (16) and
a side electrode (22), characterized in that either
or both of said center and side electrodes have an
electrode tip (18) as defined in any of claims 1-8
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welded thereto.

10. A method of making a spark plug (10) having an

electrode (16) with a wear-resistant tip (18), com-
prising the steps of:

a) providing a spark plug electrode tip as de-
fined in any of claims 1-8;

b) annealing said tip in an annealing oven at
700-1400 °C for a time period in a range of 5 to
30 minutes;

c) placing said tip in a welding fixture;

d) aligning an electrode of a spark plug with said
tip; and

e) welding said tip to said spark plug electrode.

Patentanspriiche

1.

VerschleiRfeste Ziindkerzenelektrodenspitze (18)
zur Befestigung an die Elektrode einer Ziindkerzen-
elektrode (16), umfassend eine Legierung aus Pla-
tin, Iridium und Wolfram.

Zindkerzenelektrodenspitze nach Anspruch 1, um-
fassend 75 Prozent bis 86 Prozent Platin, 12 Pro-
zent bis 20 Prozent Iridium und 1/2 Prozent bis 5
Prozent Wolfram.

Zindkerzenelektrodenspitze nach Anspruch 1, um-
fassend 76 Prozent bis 85 Prozent Platin, 14 Pro-
zent bis 20 Prozent Iridium und 1/2 Prozent bis 4
Prozent Wolfram.

Zundkerzenelektrodenspitze nach Anspruch 1, um-
fassend 80 Prozent bis 84 Prozent Platin, 16 Pro-
zent bis 20 Prozent Iridium und 1/2 Prozent bis 2
Prozent Wolfram.

Zundkerzenelektrodenspitze nach einem der An-
spriiche 1 - 4, wobei die Ziinderkerzenelektroden-
spitze im Wesentlichen kugelférmig ist.

Zindkerzenelektrodenspitze nach einem der An-
spriche 1 - 4, wobei die Spitze der Elektrode fir die
Zindkerze im Wesentlichen nietférmig ist.

Zindkerzenelektrodenspitze nach einem der An-
spriiche 1 - 6, die weiterhin eine Haftbriicke aus Pla-
tin aufweist.

Zindkerzenelektrodenspitze nach Anspruch 7, wo-
bei die Haftbriicke eine Dicke im Bereich von 5 Mi-
krometer bis 15 Mikrometer aufweist.

Zindkerze (10) mit einer Mittenelektrode (16) und
einer Masseelektrode (22), dadurch gekennzeich-
net, dass eine dieser zwei Elektroden oder beide
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10.

Elektroden, d. h. Mittenelektrode und Masseelek-
trode, eine nach einem der Anspriiche 1 - 8 defi-
nierte Elektrodenspitze (18) aufweist, die auf die
Elektrode geschweilt ist.

Verfahren zur Herstellung einer Ziindkerze (10), die
eine Elektrode (16) mit einer verschleillfesten Spit-
ze (18) aufweist, umfassend die folgenden Schritte:

a) Bereitstellung einer nach einem der Anspri-
che 1 - 8 definierte Ziindkerzenelektrodenspit-
ze;

b) Tempern der Spitze in einem Temperofen bei
700 - 1400 °C fiur eine Zeitspanne in einem Be-
reich von 5 bis 30 Minuten;

c) Platzierung der Spitze in eine Schweil3halte-
rung;

d) Ausrichtung einer Elektrode einer Ziindkerze
in Bezug auf die Spitze; und

e) Schweiflen der Spitze an die Ziinderkerzen-
elektrode.

Revendications

1.

Extrémité (18) d'électrode de bougie d'allumage,
résistant a l'usure, destinée a étre fixée a une élec-
trode (16) de bougie d'allumage, contenant un al-
liage de platine, d'iridium et de tungsténe.

Extrémité d'électrode de bougie d'allumage selon
la revendication 1, contenant de 75 pour-cent a 86
pour-cent de platine, de 12 pour-cent a 20 pour-cent
d'iridium, etde 1/2 pour-cent a 5 pour-cent de tungs-
téne.

Extrémité d'électrode de bougie d'allumage selon
la revendication 1, contenant de 76 pour-cent a 85
pour-cent de platine, de 14 pour-centa 20 pour-cent
d'iridium et d'1/2 pour-cent a 4 pour-cent de tungs-
téne.

Extrémité d'électrode de bougie d'allumage selon
la revendication 1 contenant de 80 pour-cent a 84
pour-cent de platine, de 16 pour-cent a 20 pour-cent
d'iridium, et de 1/2 pour-cent a 2 pour-cent de tungs-
téne.

Extrémité d'électrode de bougie d'allumage selon
I'une quelconque des revendications 1-4, I'extrémi-
té d'électrode de bougie d'allumage étant substan-
tiellement sphérique.

Extrémité d'électrode de bougie d'allumage selon
I'une quelconque des revendications 1-4, I'extrémi-
té d'électrode de bougie d'allumage ayant la forme
d'un rivet.
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Extrémité d'électrode de bougie d'allumage selon
l'une quelconque des revendications 1-6, présen-
tant en outre sur elle un revétement de liaison con-
tenant du platine.

Extrémité d'électrode de bougie d'allumage selon
la revendication 7, dans laquelle le revétement de
liasison a une épaisseur dans une plage de 5 mi-
crons a 15 microns.

Bougie d'allumage (10) présentant une électrode
centrale (16) et une électrode latérale (22), carac-
térisée en ce que l'une ou l'autre ou les deux des-
dites électrodes centrale et latérale présente(nt)
une extrémité (18) d'électrode telle que définie dans
l'une quelconque des revendications 1-8, qui est
soudée sur celle(s)-ci.

Procédé de fabrication d'une bougie d'allumage
(10) présentant une électrode (16) avec une extré-
mité (18) résistante a I'usure, comprenant les éta-
pes visant a :

a) prévoir une extrémité d'électrode de bougie
d'allumage, telle que définie dans I'une quel-
conque des revendications 1 a 8;

b) recuire ladite extrémité dans un four de recuit
a 700-1400°C pendant une période de temps
dans une plage de 5 a 30 minutes;

c) placer ladite extrémité dans un appareil fixe
de soudage;

d) aligner une électrode d'une bougie d'alluma-
ge sur ladite extrémité; et

e) souder ladite extrémité sur ladite électrode
de bougie d'allumage.
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